In this research, tree sensitivity to the surrounding highly paved environment was analysed at several locations within one urban core (Novi Sad, Serbia). In the future, urban areas will become denser and will, in interaction with intensive climate change, negatively affect the urban forestry performance. Hence, in-depth understanding of the interactions between site-specific parameters, such as pavement and trees, is necessary. When conducting analyses, in this research the data was separated into four groups (0−2; 2−4; 4−6; >6 m) by two grouped parameters that define the interaction between trees and paved surfaces across the streets. The findings revealed that paved surroundings exerted the most significant effect on tree dimensions and lower on vitality. Moreover, tree height, diameter at breast height, crown width and phytopathological and entomological damage emerged as the most reliable indicators of plant stress caused by the negative influences of a paved environment. Reduced uniformity was noted for trees closer to the traffic and in areas with a narrow landscape strip. In general, the distance from the traffic has a stronger influence than the width of landscape strip on the analysed tree characteristics. Furthermore, the sycamore maple and its red leaf cultivar can be recommended for planting in highly paved areas across streets.
Introduction
Human activities exert significant pressure on ecosystems across the globe. It is estimated that 30−50% of land area is presently designated for agricultural and urban systems [1] . Plants, especially trees, are major regulators of global and local climate [2, 3] . Thus, they are crucial to the attempts to neutralise climate change [4] and improve air quality in urban areas [5] . On the other hand, changes to local and global climatic conditions affect plant morphology, potentially inducing unfavourable modifications [6] . When current tree biometry is compared to that of two centuries ago, trees have become bigger and weaker due to intensive climate change [7, 8] .
Highly urbanised areas have an adverse impact on human health [9] , the diversity of insects, birds and other animals [1, 10] as well as tree performance [11] . Moreover, air pollution and solar radiation are becoming a significant problem in highly urbanised areas [12, 13] , affecting not only human health [14, 15] but also tree fitness [16] . The selection of tree species is one of the first steps in improving air quality, because the gas exchange is limited by plant stress as well as genetics [17] . Introducing trees into highly paved and urbanised areas can improve bioclimatic comfort for residents, while enhancing other environmental services, such as offsetting carbon emissions, removing air pollutants, regulating the microclimate, and recreation [18, 19] .
The aforementioned problems regarding pavement and street trees are not new [20] . Along the streets and other highly urbanised areas, trees are typically surrounded by impervious pavement-covered parking lots, roads, and driveways, which increases soil surface and rhizospheric temperature [21] , while reducing water infiltration and air gas exchange into the soil [22] as well as nutrient availability [23, 24] . The use of permeable pavement can thus improve tree performance in highly paved surroundings. Moreover, the growing recognition of the need to protect the environment has led to the introduction of non-toxic recycled plastic. These materials are strongly recommended for use in permeable pavement construction, as this would have a positive effect on urban forestry [25] [26] [27] .
Urban biotope imposes multiple environmental stresses on plants that adversely affect and often modify their function [28, 29] . Street trees are an integral part of the urban environment, and are the category of urban forestry that is the most exposed to the negative influences caused by highly urbanised areas [13, 28] . Many researchers have noticed different mechanisms and intensities of response and adaptations to stress factors. More precisely, changes were observed in allometric relationships [30] , along with the reduction in biomass production, annual growth and vitality [20, 31] . In addition, highly paved areas indirectly contribute to urban heat islands [32] , which then produce osmotic stress [33] and induce changes in plant phenology [34] .
Structural and functional elements of streets (i.e., site-specific factors), such as pavement, street geometry, urban furniture, built structures, etc., affect trees [35] . Kostić et al. [36] , among other researchers, confirmed the influence of parking lots on tree biometry.
Sycamore maple (Acer pseudoplatanus L.) is the most widely spread maple in European forests [37] . Sycamore maple and its red leaf cultivar (Acer pseudoplatanus 'Atropurpureum' Späth.) are ubiquitous in urban areas with temperate climate across the northern hemisphere (North America, Europe and Asia) [38] . Yang [39] highlighted the fact that sycamore maple is resistant to climate change and should thus be introduced into highly urbanised and significantly changed urban habitats. This species is often planted along streets, because it is highly tolerant to polluted air and soil, and can thrive even in highly urbanised environments [40] . Available evidence suggests that it can be used in highly paved areas since its roots do not degrade pavement structure [41, 42] .
The aim of the present study was to investigate the influence of pavement surface area on sycamore maple dimensions and its vitality characteristics when planted along urban streets. Deeper understanding of the interaction between the paved environment and trees will help elucidate the ecosystem services of urban forestry and tree behaviour in highly paved areas, such as streets.
Materials and Methods

Data and Site Descriptions
The sample included sycamore maple (Acer pseudoplatanus) and its red leaf cultivar (A. pseudoplatanus 'Atropurpureum') across the streets. (Statistically significant differences between them have not been noticed, hence it is not further interpreted separately in this work.) Analysed trees were arranged in the greenery from two municipalities in Vojvodina Province in the Republic of Serbia: 1) Novi Sad (N45°15'; E19°50') and 2) Petrovaradin (N45°14'; E19°52'), separated by the Danube river. The analyses included 303 trees, out of which 223 trees are less than 6 m from the road and up to 205 trees are a noticed width of landscape strip of less than 6 m.
The analysed areas are at an average altitude of from 75.9 to 83.0 m a.s.l. The climate is temperate continental to modified continental, fully humid with warm summers, according to the Köppen-Geiger climate classification [43] . The main annual temperature and precipitation are 11.2ºC with an annual range of 22.1ºC and 603.1 mm [44] .
Data Analysis
In this work the date was separated into four groups: 1) 0-2 m, 2) 2-4 m, 3) 4-6 m and 4) >6 m. It is defined by two grouped parameters (WLS and DFT) separately. Measurement of parameters DFT and WLS into two common street arrangements was presented on Fig. 1 . The number of trees and their distributions included in the analysis are shown in Table 1 . Statistically significant differences (p<0.05) between basic species and its cultivar have not been noticed and therefore they are not interpreted in this paper.
Tree dimensions were represented by parameters H, DBH, CW and HFB and they measured in meters (m) with 1 mm accuracy. Tree Vitality parameters were presented by parameters TBR, MD, PED, VIT and DEC. Parameters TBR, MD and PED were interpreted by scores ranging from 0 (absent) to 3 (strong). Furthermore, parameters VIT, DEC and FT were scored from 1 (poor) to 5 (excellent), according to the generally accepted methodology of urban forestry evaluation [45] , valorised by two persons.
Statistical Methods
The data were statistically processed using STATISTICA 12.6 (Dell, USA) and SPSS Statistics 23 (IBM, Statgraphics Centurion XVI.I). Descriptive statistics were analysed with mean±standard error (mean±std.error), standard deviation (std.dev.) and coefficient of variation (CV).
Normal distribution of data was partially given. Hence non-parametric statistical tests (such as Kruskal Wallis Test) were used to analyse the characteristics of populations and to define statistically significant differences between groups defined by DFT and WLS, for p<0.05 and p<0.01. According to Stevens [46] , when the data tend to be normally distributed and the sample is large enough, a parametric Duncan's post-hoc test can be used to define homogeneity groups for p<0.05.
Results
The relationships between the urban environment and its influence on trees were interpreted via two parameters: 1) width landscape strip (WLS) and 2) distance from traffic (DFT), which interpret pavement surface arrangement into street canyons. Table 2 presents the results of descriptive statistics of all 10 analysed parameters, grouped into three categories according to the two grouped parameters (WLS and DFT).
According to the DFT parameter, the average values of the tested parameters show that trees from group 2 had the most favourable values for 7 out of 10 parameters, unlike the trees from groups 1 and 3. Trees from group 2 had the highest values for all analysed tree biometry parameters (H, HFB, DBH and CW). Moreover, the majority of the tested quality parameters were in line with biometry once, too. The tested trees' quality parameters from group 2 had the most favourable results for 4 out of 6 analysed parameters. More precisely, they were the lowest values for TBR and MD parameters and the highest values for VIT and DEC parameters. The different correlations between the tested and grouped parameter was noticed, with parameters PED in negative and FT in positive correlations with DFT.
According to the parameter WLS, the highest degree of variability for the group with the narrowest landscape strip (group 1) was observed with 6 out of 10 analysed parameters (H, HFB, CW, TBR, PED and VIT). According to both parameters, the highest variability has been noticed in group 1, which contains trees closer to the traffic, with 5 out of 10 analysed parameters (DBH, HFB, VIT, DEC and FT). The HFB and VIT parameters had lowest values for group 1 according to both parameters (WLS and DFT).
The results of Duncan's test between tested groups according to both parameters (WLS and DFT) showed a statistically significant difference in the majority of cases. According to grouping parameter DFT it was noticed to five parameters (H, DBH, CW, PED and DEC) and according to the second tested grouping parameter (WLS), only in two parameters (DBH and FT). In the largest number of cases it shows a statistically significant difference between two groups (1 and 2, as well as groups 1 and 3), with the occasional appearance of a transitional group. The sample of group 3 is small (21 trees) and the data has a robust character, therefore it is a necessarily larger sample to conclude, hence in this case obtained results were not reliable and were not interpreted in this work in detail. The 3D diagrams (Fig. 2) show interactions between three parameters, or more precisely, they represent the influence of both analysed parameters (WLS and DFT) on decorative value (DEC, Fig. 2a ) and vitality value (VIT, Fig. 2b) . The results indicate that the interaction between DFT and WLS exists, and that they significantly change the VIT and DEC parameters. Trees located on the narrowest width of landscape strip and the smallest distance of street have a low level of vitality and decoration.
The results of the Kruskal-Wallis test with DFT and WLS as grouping variables are shown in Tables  3 and 4 . Grouped according to the DFT parameter, statistically significant differences (p<0.05) between groups were observed in parameter DEC, while a highly significant difference (p<0.01) was observed in seven parameters (H, HFB, DBH, CW, PED, VIT and FT). There was no statistically significant difference for two parameters (TBR and MD). Grouped according to the WLS parameter, a statistically significant difference was observed for one parameter (VIT) and a highly significant statistical difference with four parameters (H, DBH, CW and PED).
With the comparative analysis of the results of the Kruskal-Wallis test, according to DFT and WLS as grouping variables, a statistically significant difference was observed for 4 parameters (H, DBH, CW and PED) while parameters TBR and MD did not have statistically significant differences. Grouped according to the WLS parameter, the highest statistical significant difference and the highest data differentiation of the separated groups were noted for parameter DBH (x 2 54.46). In another group, according to DFT parameter, the highest values were observed for parameter H (x 2 72.57). Significantly high values were also present with parameters CW (x 2 45.05) and DBH (x 2 39.78).
Disccusions
Results in this study established differences in 8 of 10 analysed tree characteristics grouped by both analysed parameters (DFT and WLS), which indicate tree sensitivity to them. On the other hand, to two tested parameters (MD and TBR) differences weren't noticed. The first parameter MD was defined with anthropogenic activity and space arrangement. df  3  3  3  3  3  3  3  3  3  3 Asymp. Sig. 0.00 a 0.00 a 0.00 a 0.00 a 0.61 0.37 0.00 a 0.00 a 0.02 b 0.00 a a. Significant for p<0.01; b. Significant for p<0.05 Therefore, its interpretation is not possible on the basis of this experimental design. The results for the second non-significant parameter TBR were uniform and had a small range (0.10 unit) of from 0.47 to 0.57, which may be the reason for the lack of statistically significant differences. Moreover, the values of parameter HFB were defined by the anthropogenic influence, which defines a solitaire tree growth form and explains the uniformity of the data and the insulation of the impact of the urban environment on them. Grouped according to the parameter WLS, the highest differentiation was noted for parameter DBH, and can be recommended to high sensitivity to tested site-specific parameters. The vitality parameters have the expected distribution and are in line with the distribution of the second grouping parameter (DFT). These results agree with Ferrini and Baietto [47] , who showed that the size and type of the non-paved area determines tree health. Furthermore, it was noted that degraded tree health causes early physiological aging of a tree and its dryness [48] .
Unlike the previous parameter, the grouping parameter DFT had the strongest influence on tree height and crown width, and less on DBH. This result explains the influence of the paved environment on tree proportion and reduced biomass production, which corresponds to the research of Ramage et al. [49] regarding the relationship of urban area and biomass productions.
Parameter DFT had more influence on tree characteristics than parameter WLS. The smaller influence of parameter WLS on tree characteristics explained the adaptability of sycamore maple to highly paved areas better. Good adaptability was expected due to the tree root architecture. Sycamore maple roots are the largest part in deep soil [42] with larger soil moisture and lower levels of salt and heavy metal concentrations [50] . In this case, root architecture affects the reduction of osmotic and oxidative plant stress, which is reflected in the tree characteristics [48, 51] . Moreover, good adaptability to high paved areas and root damage prevention were caused by root architecture [52] . The results of tree growth parameters (H, HFB, DBH and CW) show medium to strong interactions with the analysed parameters of highly paved areas as defined by DFT and WLS, and the parameters of quality characteristics (TBR, MD, PED, VIT, DEC and FT).
This reduced biomass production was a usual plant response to stress factors caused by high urbanity [11, 20, 36, 43, 49] . Our results are in line with Kostić et al. [36] , who researched sycamore maple and its cultivar along with traffic sensitivity to the presence of parking lots. The same results to us were noticed by North et al. [20] , who analysed the pavement influence of Norway maple (Acer platanoides L.), which is similar to sycamore maple. Researchers Chen et al. [32] investigated the influence of island heat on common tree species like Manchurian red pine (Pinus tabuliformis Carr.), Chinese ash (Fraxinus chinensis Roxb.) and Shantung maple (Acer truncatum Bunge.) in field experiment that simulated high pavement areas in the streets, and concluded that the pavement raises the ground temperature, which then reduces tree growth, especially DBH, which is in line with our results.
Considering the significantly weak influence of DFT and WLS parameters on the quality characteristics of sycamore maple, we can conclude that this species is justifiably common in the streets of the cities in this and similar climate zones.
In addition, in the group with smaller values (0-2 m), a higher variability of the sample was noted. Starting from the fact that the maple is a highly variable species [38, 41, 42, 53, 54] , the higher variability within the population expressed through unequal plant responses to urban areas with the same characteristics was expected. On the other hand, the degree of variability was in correlation with the level of urbanity, i.e., higher urbanity caused higher intra-urban variability of urban tree population. This can be constrained by air and soil pollution, heat island and mechanical degradation. They also have an influence on plant physiological processes and have negative effects, particularly on growth characteristics, which are the result of a reduction in biomass production in highly paved areas.
The trees closer to the street had smaller dimensions and degraded tree fitness. The three parameters of tree dimensions (H, DBH and CW) and one tree vitality parameter (PED) showed a statistically significant difference according to both parameters of urban paved environment (DFT and WLS), and are the most reliable df  3  3  3  3  3  3  3  3  3  3 Asymp. for evaluating tree adaptability to stress caused by pavement.
Conclusions
This study presented trees' sensitivity to paved surfaces. Hence, the tested parameters of distance from traffic and width of the landscape strip adversely affect the quality of urban forestry, and can be include as reliable factors during consideration of urban forestry adaptations to urban habitats. Results in these studies indicate that all tree biometry parameters (tree height, diameter at breast height, crown width) as well as some tree vitality parameters (phytopathological and entomological damage) are the most reliable indicators of plant response to stress factors caused by negative influences of the pavement.
The stress caused by pavement surface on the analysed species and its cultivar has been reflected in the reduction of biomass production and faster appearance of physiological tree aging. These modifications significantly changed quality characteristics and tree fitness, in particular vitality value and decorative value parameters. These characteristics classify sycamore maple into a suitable and highly recommended woody species for further use in highly paved urban areas along streets and other highly urbanised areas.
In conclusion, the findings of our study showed the importance of this and similar research for a better understanding of urban forestry into highly paved areas. Deeper knowledge regarding this topic can contribute to defining interactions between pavement surface and trees and improve their implementation, design of streetscapes and sustainable urban forestry management in the upcoming period of rapidly increasing urbanisation and climate change. 
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